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Abstract 

We consider = 1 superpotentials corresponding to gaugings of an underlying ex- 
tended supergravity for a chiral multiplet in the SU{1, 1)/U{1) manifold of curvature 
2/3. We analyze the resulting D = A scalar potentials, and show that they can de- 
scribe different = 1 phases of higher-dimensional supergravities, with broken or 
unbroken super symmetry, flat or curved backgrounds, sliding or stabilized radius. As 
an application, we discuss the D = A effective theory of the detuned supersymmetric 
Randall-Sundrum model in two different approximation schemes. 
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1. Introduction and summary 



Compactifications of higher- dimensional supergravity and superstring theories preserving 
= 1 supersymmetry in D = 4 dimensions, in its exact or spontaneously broken phase, 
have great phenomenological interest. Their low-energy effective theories P] typically 
include a chiral multiplet whose spin- zero component has two real degrees of freedom: one 
parameterizes the volume of the internal space, the other one some internal gauge degree 
of freedom of the higher-dimensional theory. If we neglect the dynamics of all other fields, 
apart from the gravitational multiplet, this complex scalar field parameterizes the special 
Kahler manifold SU{1,1)/U{1), with scalar curvature 2/3. In a suitable field basis, we 
can decompose it as 

T = t + iT, and r real) , (1) 

and write for its Kahler potential, in the standard notation oi N = 1, D = 4 supergrav- 
ity [2| and in D = A Planck mass units: 

K(T,T) = -3 log(r + T). (2) 

This is the case, for example, for the known compactifications of minimal D = 5 super- 
gravity |3lll| on the orbifold S^/Z2, both in the flat and in the warped [HIIZ! case. This 
is also true for compactifications of the same theory on the circle jl], which give N = 2, 
D = 4 supergravity coupled to a single vector multiplet. The same result is obtained 
in those higher-dimensional supergravity and superstring compactifications with branes, 
orientifolds and fluxes, where some of the moduli are fixed, but not the overall volume 
modulus P'i. 

In agreement with the special geometry of N = 2, D = 4 supergravity coupled to 
vector multiplets 01101, Kahler potential © derives from the prepotential: 

Indeed UHl HH : 

i^: = -logF, Y = i{x'Fi-X'Fi) , (4) 

where a sum over the index / = 0, 1 is understood, Fi = dF/dX^ , and is the compen- 
sating vector multiplet of the N = 2 superconformal theory. Introducing the unconstrained 
field T = iX^/X^, and choosing the gauge X^ = 1, we obtain Y = (T + T)^, which gives 
precisely the Kahler potential 



1 



Given the Kahler potential (j21), the superpotential w{T) encodes the information on 
the underlying higher- dimensional model. Schematically, considering only the T field and 
a generic w(T) amounts to reduce supersymmetry to four supercharges. The structure 
of w{T), however, should keep track of its higher- dimensional origin. With sixteen su- 
percharges, as required minimally by the ten-dimensional supersymmetry algebra, a four- 
dimensional supergravity is completely specified by the real structure constants defining 
the gauging. Truncating this = 4 theory ^2] to iV = 1 leads to seven moduli (three 
associated with the complex structure, Ti,T2,T3, three associated with the Kahler struc- 
ture, Ui, U2, U3, and the four-dimensional dilaton) or more. The = 1 superpotential can 
then be obtained directly from the field-dependent gravitino mass term^ 

^3/2 = w = ^s + (/,,,,,3 + S fi,,,,, V' , (5) 

where 5* is the complex dilaton parameterizing the SU{1,1)/U{1) manifold. The 
collectively denote all the other scalar fields of the = 1 truncation, with A = 1,2,3 
labeling the threefold degeneracy of the spectrum (the three Ta and Ua moduli for in- 
stance)^, and {fiii2i3, fhi2h) are the real structure constants defining the gauging of the 
underlying = 4 theory. These structure constants also induce, in general, a scalar po- 
tential. Notice that the expression (jSj) contains both perturbative and non-perturbative 
terms (with respect to S'), as dictated by the SU (1, 1) duality of A^ = 4 supergravity. The 
procedure outlined above is general enough to describe the dynamics of a variety of phases 
of the higher-dimensional theory in a duality-invariant way. Examples include effective 
Lagrangians for A^ = 4 strings 14^, finite-temperature phases of five- dimensional super- 
strings fSl ^1 and the effective description of partial (non-)perturbative supersymmetry 
breaking in string theory ^^l- Freezing all the scalar fields ^'-^ apart from T will certainly 
lead to a polynomial superpotential w{T) of third order in T. Its coefficients will be de- 
fined by the values assigned to the frozen fields, which are in general complex. Actually, 
it has been known for long ^Tj that non-zero coefficients can be related to background 
values of antisymmetric tensors, aka fiuxes. We will therefore consider a superpotential of 
the form 

w(T) = mo -imiT + Sn^T^ + ^r^°T^ (6) 
^The procedure outlined here is described in detail in ref. section 4. 

^The exact relation between and, for instance, Ta and Ua follows from the solution of the iV = 4 
Poincare constraints. 
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where {mQ,mi,'nP ,n^) are four arbitrary complex coefficients. Notice also that, since 



a generic N = 2 gauging of the theory ^H] with one vector multiplet only would correspond 
to the additional condition of taking the coefficients (mo, mi, n^,n^) to be real, apart from 
an invisible overall phase in w. Known examples of = 2 gaugings with one vector 
multiplet correspond to supersymmetric AdS^ backgrounds |lj , and to the = 4 effective 
theories of supersymmetry-breaking compactifications on a flat D = 5 background |T9| 
1^ . induced by twisted periodicity conditions d la Scherk-Schwarz [21]. Some orientifold 
compactifications provide instead examples of superpotentials of the form (jH)), but with 
complex coefficients ,8j. We will discuss in this paper another instructive example of this 
sort: the effective theory of the supersymmetric Randall- Sundrum (SUSY-RS) model with 
two branes [25| and arbitrary tensions |2S1 lEl 1^ 12^1 Hj • 

Our goal in this paper is to study the general features of the T gaugings, in the 
generalized sense defined by eq. (0) with complex coefficients. After giving a complete 
discussion of the 'true' N = 2 gaugings, we confront the superpotential Q with another 
requirement, motivated by = 1 compactifications of higher-dimensional supergravities 
with negligible warping: the independence of the scalar potential from r, which in this 
context is proportional to the internal component of an abelian gauge field. We then 
perform a similar analysis in a field basis that is more appropriate to discuss warped 
compactifications with non-negligible warping. We conclude the paper by discussing, as 
an illustration of our formalism, the effective theory of the detuned SUSY-RS model EI 
in two different approximations. Some useful formulae for the backgrounds |23 of the 
SUSY-RS model are collected in the appendix. The generalization of the results of this 
paper to the case of more chiral multiplets, relevant for the effective theories of superstring 
compactifications with fluxes, branes and orientifolds, is left for future work. 

2. 'True' T— gaugings 

We recall flrst that the scalar potential of a model with the Kahler potential of eq. (j21) and 
a generic superpotential w{T) is 



w = mj — Fj , 



(7) 



V 



{T + Tf 



1 



wtWT + T) 
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and also that the Kahler potential of eq. (0) has an SU{1, 1) Kahler invariance, identified 
as a continuous T-duality: 

ciT — th 

T — > —— , a, b, c, d real, ad — be = 1. (9) 

icT + d 

Invariance of the theory requires the following transformation of the superpotential: 

wiT) i^^T + drw(^^^y (10) 

which turns a cubic polynomial into another one, with transformed parameters. T-duality 
can then be used to eliminate some of them, as discussed below. Notice that both SU{1, 1) 
duality and this form-invariance of the superpotential find their origin in the underlying 
N = 4 duality symmetry. 

We concentrate in this section on 'true' N = 2 gaugings where the superpotential 
parameters (mg, mi,n^,n^) in eq. (jH)) are real numbers. With the help of eq. (jlO|) . we can 
show that SU{1, 1) can always be used to eliminate the cubic and linear term in w{T), 
i.e. to set = mi = (notice that, even if we start from real parameters and we allow 
for duality transformations, the general form of the superpotential includes at least an 
"electric" and a "magnetic" term). The proof is more easily given using the generators 

J : T — > l/T , (a = d = 0, b = ~c=l), 

(11) 

S : T — > T-i, (a = b = d= 1, c = 0). 

Under inversion X, the superpotential parameters transform as ^ 

{mo,mi,3n^ ,n^) — >• (— n°, — 3n^, mi, mo). (12) 

A generic element of SU{1,1) is then of the form S'^IS^XS^ , {A,B,C real). First, by 
performing an appropriate duality transformation, we can always eliminate the cubic term, 
i.e. set = 0: it is sufficient to consider a shift of T to eliminate the constant term, 
followed by an inversion. If the resulting superpotential is a quadratic polynomial, a shift 
of T eliminates then the linear term. If it is linear in T, a shift of T is used to eliminate 
the constant term and an inversion leads then to a single quadratic term. However, the 
discussion will be simple enough if we only eliminate the term, n° = 0, leaving mo, mi 
and free. 

With n° = 0, the scalar potential has the simple form 
1 



V = 
31 



ml + 9mon^ ~3min^T + 9{n^f{t^ + T^) . (13) 



^Since b ~ — c, 2 squares to —1 when acting on the superpotential. 
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With 7^ 0, the potential depends on the same powers of t and r, but with more 
comphcated numerical coefficients. Relaxing the requirement of real coefficients in the 
superpotential does not allow to remove the cubic term by duality transformations, and 
leads to additional powers of t and r in the scalar potential. 

To discuss the phases of the theory, we need the expression of f'^ = {2t)~^^'^[2 wt t /3 — 
w], the auxiliary field which controls supersymmetry breaking, as well as the field-depen- 
dent gravitino mass: 

m^/, = |^pe^ = -^ + (2t)-|/T. (14) 

The relation V = —3 holds then for a supersymmetric AdS4 phase. 

Taking into account that the allowed field configurations correspond to t > and 
arbitrary r, we can now study the properties of eqs. (fT!^ - (fT^ for different values of the 
gauging parameters and the corresponding allowed phases of the theory. 

(I) : = nil = 0, tuq ^ 0. 

This case corresponds to the original no-scale model |2E] with = 0, and spontaneously 
broken = 4 supersymmetry in Minkowski space-time, with vn^i^ = (2t)^^mg. This 
includes the effective theory of Scherk-Schwarz compactifications [21] of pure ungauged 
D = 5 supergravity on the orbifold S^/Z2, with a fiat and constant bosonic background 
PniEI- At the full N = 2 level, this case would correspond to the D = 4 effective theory 
of a Scherk-Schwarz compactification on the circle S^, of which the = 1 theory is a 
consistent Z2 truncation. Notice finally that a generic duality transformation (fTn|l leads 
to the equivalent class of superpotentials: 

w{T) =mo{icT + df , (15) 

representing the most general no-scale model in the T field basis. 

(II) : = tuq = 0, mi 7^ 0. 

In this case the potential is negative definite, does not depend on r and does not have any 
stationary point with respect to t: V = —mf/{3t). The educated reader will immediately 
notice that, since mg^g = mKt^ + r^)/(8t^), for r = we get the AdS^ relation V = 
— (8/3) my2- This is because, in the context of pure D = 5 supergravity, mi is proportional 
to the gauging parameter of the graviphoton. This gauging leads to AdS^ supergravity jlj. 
The relation with the present case can be established, for instance, by writing the D = 5 
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gravitino variation on a background with = 4 Minkowski symmetry, as in the bulk of the 
SUSY-RS model. The result is identical to the gravitino variation with a superpotential 
linear in T. This is nothing more than a formal manipulation unless a boundary is applied 
to AdS^, as in the /Z2 orbifold: in this case, however, boundary contributions do modify 
the effective D = A superpotential. The equivalent case 

(III): mo, mi 7^ 0, = 0. 

is generated by the shift T — T + imo/mi. 

(IV): mo = mi = 0, ^ 0. 

This is the case of a purely "magnetic" gauging. It is equivalent to the previous case since 
it is connected to it by an inversion X: the potential depends then only on the real part 
of (1/T). 

(V): mo, ^ 0. 

In the case where both electric and magnetic terms are present, it is not restrictive to set 
mi = 0, since it can always be reached by a suitable duality transformation. As a function 
of r, the potential has a local maximum at r = 0. It then has a stationary point, at 

t^ = ^, r = 0, (16) 

if and only if mon^ > 0. At this point, 

V = -Q{n^)H = -?,mli2, f = 0, (17) 

and one has a stable supersymmetric AdS^ phase [TT. If, however, mon^ < 0, the field t 
is not stabilized. 

To summarize, 'true' N = 2 T-gaugings offer the following possibilities: broken super- 
symmetry in flat space, with a complex flat direction; unstable potential with one or no 
axionic flat direction, identified with r up to a duality transformation; unbroken super- 
symmetry in AdS4 with stabilized complex T. As will be discussed in detail later, none of 
these solutions is appropriate to describe the detuned SUSY-RS model. 
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3. Generalized T— gaugings 



In the general case of the superpotential (jH]) with complex coefficients, we are interested in 
finding all cases where the scalar potential is independent of the axion r. This is suggested 
by the fact that, in compactifications with negligible warping, r is proportional to the 
internal component of an abelian gauge field. The general solution to the above problem 
allows for a unique possibility, besides those corresponding to 'true' N = 2 gaugings 
discussed in section 2. Absorbing as usual an overall phase: 

(yi) : w(T) = po + pie^'^T , {po, pi,(p real , po, pi > 0) . (18) 

This case corresponds to tuq = po, f^i = pie^^'^~^'^^'^\ = = 0, and is a generaliza- 
tion of cases (I)- (III) discussed in section 2. We then concentrate on the novel possibility 
represented by po, pi,cos{p ^ 0: as we will see in section 5, this corresponds to the ef- 
fective theory of the detuned SUSY-RS model in the limit of small warping, when the 
compactification radius is small with respect to the AdS^ radius. The scalar potential is: 

V = --^{3 po cos if + 2 p,t), (19) 

and has a minimum for t = —3 cosip po/pi, which falls within the allowed field configura- 
tions if cosip < 0. At the minimum V = pl/{18 pocosip) < 0, corresponding to an AdS^ 
background. Supersymmetry is unbroken for t = po sin pi, otherwise it is spontaneously 
broken. This is an example of t stabilization in AdS^. 

To conclude this section, we notice that the decomposition of eq. ((T)) is stable under 
imaginary shifts, but unstable under the inversion of T, which mixes its real and imag- 
inary part. Therefore, the requirement of a r- independent potential translates into the 
existence of a real fiat direction when acting with the full SU (1, 1) duality group. Similar 
considerations apply to general analytic field redefinitions. 



4. Potentials and superpotentials in the SUSY-RS basis 



Another parameterization of the SU{1, l)/f/(l) Kahler manifold of curvature 2/3, equiv- 
alent to the one considered in the previous sections, is 



K(f/,f/) = -log Y, 



Y = ± 



(20) 



This particular parameterization has been used for writing the effective theory of the 
SUSY-RS model [HllZl, in the limit of small = 4 cosmological constant. Indeed, our 



notation in eq. (|2Up has been chosen to fit such an interpretation, even if the present 
discussion has a more general vahdity. As explained in section 5 and in the appendix, we 
can identify A with the mass scale of the D = b cosmological constant, in units of the 
D = 5 Planck mass. Moreover, we can set 



U = r + ib, (21) 

where the 'radion' r{x) describes the D = 4 scalar fluctuation of the D = 5 metric, and 
the 'axion' b{x) is proportional to the zero mode of the internal component of the 
graviphoton. Because of the abelian D = 5 gauge invariance, the scalar potential cannot 
depend on b{x). 

We can now introduce, for notational convenience, the auxiliary variables 

X = e^^^ = e^^(^ + , X = e^^^ = e^^(^ " . (22) 

The relation between the parameterizations of eqs. ()2()j) and is then given by the 
analytic field redefinition 

T(X) = ±^^, X(T) = ^^, (23) 

which induces, neglecting as usual an overall phase, the following transformation of the 
superpotential: 

w{X) = ^[T(X)]^i±|£ , w{T) = w[X{T)]^^^ . (24) 
To reach the conventions of refs. jHlIZ], we would need an additional Kahler transformation: 

w{X) w{X)X-^ , {XX - 1) ^ {XX - 1){XX)-^ = [1 - {XX)-'^] . (25) 

The superpotential w{X), corresponding to the superpotential w{T) in ^ via (j211), is 
again a cubic polynomial. As in the previous section, we drop here the requirement of real 
coefficients. 

For a generic superpotential w[X{U)], the corresponding scalar potential reads 



\wu\'^[l - e-^^(^+^)] - 3X7t{wuw + wjjw) + (SAtt) 



^ ' 3A%2[eA-(t/+t/) _ 1]2 ^ ^ 



or, equivalently. 



- ^ ^ \wx\\XX - 1) - 3{Xwxw + Xwj^w) + 9\w\' 

y ' ) 3{xx-iy ' ^ ' 
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where the sign ambiguity comes from the definition of the Y function, eq. (|2m). If we 
now ask for a non-trivial superpotential w such that the D = 4 scalar potential does 
not depend on the imaginary part of U (the phase of X), as required hj D = 5 gauge 
invariance, and we factor out for convenience an arbitrary phase, we obtain as general 
solution the four possibilities listed below. 

(i) : «;(X) = p(l + e^'^X)^ (p, real, p > 0) . (28) 

This leads to a no-scale model with identically vanishing scalar potential, V = 0. Both 
signs in eq. (^01) are allowed, if we restrict the allowed field configurations to |X| > 1 and 
|X| < 1, respectively. Supersymmetry is spontaneously broken for all allowed values of X. 

(ii) : w(X) = po + p3e'^X^ (po,p3,¥^real, po,P3 >0). (29) 

This leads to the scalar potential 

This case includes the effective theory of the detuned Randall- Sundrum model in the limit 
of small D = A cosmo logical constant, as derived in [7j and discussed in section 5. The 
potential has stationary points for X = and, if pa > 0, for |X| = po/ps- The case 
X = is acceptable only if we choose the minus sign in eqs. ()20|) and (jHUI) : it corresponds 
to a stable vacuum with unbroken supersymmetry, ml^2 = ~(^)/3 = Poi po = it 
is Minkowski, and there is a classically massless complex scalar, even if with ps > the 
potential has a quartic term with positive coefficient for the radion; for po > it is AdS^. 
To discuss the other stationary point we must consider |X| < 1 and the minus sign in 
eqs. ipUl) and (jHOl) if Po < Ps, \X\ > 1 and the plus sign if po > ps (for po = ps there 
is a singularity). Both cases give the same physics. At the minimum the potential is 
negative, (V^) = —'iPoPl/\pl — Pol < 0, but its second derivative with respect to |X| 
is positive, so we have a stable AdS^ vacuum. Supersymmetry is spontaneously broken 
unless 3 Xtt b + if = ±7r. 

(iii) : w{X) = pX^ (0 < p real) . (31) 

The scalar potential reads 

p^(XX)(XX-4) 

3(XX - 1)2 ^ ' 
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Its only stationary point is for X = 0, so we must choose the minus sign in eqs. (j2(jp 
and (jnH), which allows for the field configurations with |X| < 1. This leads to unbroken 
supersymmetry in a flat background, with a stable minimum at (X) = 0. If this is inter- 
preted as the effective theory coming from the compactification of a higher- dimensional 
supergravity, it amounts to the simplest example of moduli stabilization with unbroken 
supersymmetry in flat space. Notice that a similar result could be obtained in a much 
larger class of theories, characterized by: a Kahler potential with arbitrary func- 

tional form as long as it does not depend on the phase of X and it admits X = among 
the allowed field configurations; a monomial superpotential w{X) oc X", with n > 2. 

(iv) : w{X) = pX, (0 < p real) . (33) 

The scalar potential reads 

3(XX-1)2 ^ ' 

Its only stationary point is for X = 0, so we must choose the minus sign in eqs. ()2()j) and 
()32|) . which allows for the field configurations with |X| < 1. However, it can be easily 
checked that in this case X = is an unstable dS4^ maximum. 



5. The effective theory of the detuned SUSY-RS model 

As an illustration of the formalism described in the previous sections, we conclude by 
discussing the effective theory of the SUSY-RS model, in its detuned version. We shall see 
that such an effective theory can be formulated both in the T basis and in the SUSY-RS 
basis, in two different approximations. In both cases, it corresponds to a specific example 
of the generalized gaugings classified in sections 3 and 4. 

The effective N = 1, D = 4 theory of the SUSY-RS model is already known, both in 
the tuned [Hj and in the detuned [7j case. We will present here an alternative, technically 
simpler derivation of its Kahler potential and superpotential, both in the SUSY-RS field 
basis of section 4 and in the T field basis of section 3. For the reader's convenience, our 
notation and some useful results on the backgrounds of the SUSY-RS model are spelled 
out in the appendix. With a slight variation with respect to [HI El , we define the radion 
field r{x) in such a way that its VEV coincides with rc, the compactification radius in 
units of the D = 5 Planck mass M5. This will allow us to derive the effective theory for 
the radion by simply replacing Vc with r{x) in the background ansatz: 

ds^ = o?{rc, y) g^y{x)dx^dx'' + dy^ , (35) 
10 



where the exphcit form of a^(rc, y) and the details of the notation are given in the appendix. 
This replacement should not be done, of course, in the equations that relate with the 
input parameters (A, Aq, Xn)- Because of supersymmetry we can consider only the bosonic 
part of the D = 5 supergravity Lagrangian. Moreover, since we know from the tadpole 
analysis of jSl IZ| the correct complexification of the radion and axion degrees of freedom, 
we can consider only the gravitational part Cg of the D = 5 bosonic Lagrangian, whose 
explicit form is given in the appendix, and neglect the part containing the graviphoton. 
After the replacements 

Tc — ^r{x), a{rc,y) — > a[r{x),y], (36) 
we obtain, neglecting as usual total derivatives: 

Cg = ~^e,R+he^r''{d^.\og<!>){d,\og<!>)-he,r''{d>.\ogr){d^ 



+6 64 



+ A^ r — Aq S{y) + A^ 6{y — vr) 



(37) 



r 

Notice that the D = 4 Einstein term has an x-and-y-dependent D = 5 dilaton prefactor: 

^[r{x),y] = r{x) a'^[r{x),y] . (38) 

We begin by observing that the radion kinetic term in eq. ^7\i is compatible with a 
^/-dependent Kahler potential 

K = -3hg{U + U), ReU = r{x). (39) 

This is confirmed by the axion kinetic term, which arises from the D = 5 Maxwell term 



for the graviphoton Bm- Putting i?5 = y3/2 6(x), we get: 

- ^BmnB'''' = -^e4$G^^^^^(9^6)(9,6) + . . . = ~h,^r-^g^''id^b)id,b) + .... (40) 

The appropriate identification is then ImU = b. Before integration over y, the structure 
of the D = 4 kinetic terms in the y-dependent D = 5 bosonic Lagrangian is identical to 
the case of a compactification on /Z2 without warping. 

To derive the Kahler potential and superpotential of the effective D = 4 supergravity, 
however, we should integrate over y eqs. (13 7|) and (|4Up . and compare the result with 
the bosonic Lagrangian of = 1, D = 4 Poincare supergravity coupled to a chiral 
supermultiplet U in an arbitrary frame: 

A = -ie4$4i?4 + ^e4$4r'^(5Ml0g*4)(5.l0g$4) 

-e,^,{Kjj^)-^r''{d^U){d,U)-^lV,, (41) 
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where V4 is now the scalar potential in units of the D = 4 field- dependent Planck mass 
M|[r(x)] = $4[r(x)]. If desired, the dilaton prefactor $4 can be eliminated by a field- 
dependent rescaling of the D = 4 metric g^y{x). However, we do not need to integrate 
eq. (j37|) exactly. Both the original D = 5 supergravity and the effective D = 4 supergravity 
are being considered for small values of their respective cosmological constants, A and A4, 
with respect to their respective Planck masses, M5 and M4. We will then consider in the 
following two possible expansions, either in A4 or in Avrr, and derive the effective D = 4 
supergravity in these two limits. 

5.1: The A4 expansion 

To perform an expansion in A4, we assume that A4/ A ^ 1 and take 

a[r{x),y] 

choosing for simplicity 

(3 - 1 

which is consistent with the exact expressions for a and (3, given in eq. ()63|) of the appendix, 
at leading order in the expansion parameter. So doing, we assume to be close to the 
fine-tuned case Xq = Xt, = —A. Since the fine-tuned case, corresponding to A4 = 0, has 
vanishing superpotential, the superpotential of the detuned case must be 0{X^). Therefore, 
in a consistent leading-order approximation, we must evaluate the Kahler potential in the 
limit A4 = 0, and the scalar potential V4 up to C(A|). 

Setting a = and (3 = 1, the D = 4 dilaton prefactor reads: 

$4(r) = \ (e2^^^ - 1) . (44) 

With the complexification U{x) = r{x) + ib{x) as before, it corresponds to the Kahler 
potential of eqs. ()2()j) and (j22I), with a plus sign in the present conventions. This result 
was found in 0: the proof that the integrated axion kinetic term is compatible with the 
Kahler potential ()2U|) is considerably more subtle. 

We can also take the potential l^(r) from eq. (j67|) of the appendix, and expand it up 
to order A|/A^. Doing so, we obtain the result of eq. (IHUj). with the plus sign and: 

This potential is minimized, as expected, for 

„2 A vr r 

pI (A Ao) (A - a.) 

pi (A - Ao) (A + A.) ' ^^^^ 
12 



ae-^''\y\+Pe+^''\y\, (42) 



(43) 

4A2' "-4A2' ^ ' 



and its value at the minimum is, as expected, 

(t^4) = -4^ = -3Al. (47) 
Po ~ Ps 

We then derive, knowing that there is no potential for the axion b{x), and using the results 
of section 4, the effective superpotential of eq. ((211), agreement with the results of 0. 
In the T field basis, this superpotential reads 

y^RsiT) = ^ [po (1 - Tf + P3 ^ (1 + Tf] , (48) 

and corresponds to one of the generalized T gaugings discussed in section 3. 

5.2: The ATrr expansion 

If we take the expressions for $4(rc) and t4('^c) given by eqs. (pjUjl -lfU m) of the appendix, 
perform everywhere the replacement (j36|l . and expand all the exponentials up to 0{X vr r), 
we obtain the following results. The D = 4 dilaton prefactor, 

$4 = (a + /5)2 2 7rr(a;), (49) 

gives a Kahler potential of the form where we should now call T = r{x) + ib{x) the 
complex field that was previously called U. 

As for the scalar potential V4, if we take a and (3 to be both of order one we get, at 
the first non trivial order in the expansion parameter: 

y ^ QX^a(3 r,-2r{x) 
^ 7r(« + /3)2 r2(x) ■ ^ ^ 

This is of the general form of eq. ()19|). thus we know from section 3 that it is generated by 
a superpotential of the form of eq. (fTS|) . As expected, the potential in eq. (jKn|l is minimized 
for 

(r(x))=rc, (51) 

and at the minimum 



27rr,(a + /5)2 M', 



As already discussed in section 3, we have a stable AdS^ background, with broken or 
unbroken supersymmetry according to the choice of {b{x)) along its flat direction. 
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Appendix: backgrounds of the detuned SUSY-RS model 

We collect in this appendix some results on the backgrounds |221l21j of the detuned P^ l^ 
SUSY-RS model [221 12S] that can be useful to understand the derivation of its effective 
theory jHilZ] as presented in the text. For the purposes of the present paper it is sufficient 
to consider only the bosonic gravity sector of the theory, neglecting the graviphoton and 
the fermions. 

The relevant part of the D = 5 Lagrangian reads, in units where the D = 5 Planck 
mass Ms is set equal to one: 

Cg = 65 i?5 - 65 As - 6 64 [Ao S{y) ~K5{y- tt)] . (53) 

In our notation, is the fiinfbein, M = [(/i = 0,1, 2, 3), 5] are curved space-time 
indices, y = , A = [(a = 0,1, 2, 3), 5] are flat tangent-space indices, 65 = detE^, 
64 = det£'^", A5 = — 6 A^ < is the D = 5 cosmological constant in units of M5, 
is the D = b scalar curvature in the conventions of [28], the D = 5 Minkowski metric 
is f]AB = (im(y'(— 1, +1, +1, +1, +1), and the delta functions are normalized according to 
J^^dy6{y) = 1. On the right-hand side of eq. we understand an overall factor of M|, 
so that the input parameters (A, Aq, X^) have all the dimension of a mass. The extrema of 
integration over y are indeed ivr/Ms, if we want the coordinate y to have the dimension of 
a length. Supersymmetry requires Ag, A^ < A^: in the following, it will not be restrictive 
to remove a twofold ambiguity and assume that A > and —A < Att < Aq < +A. 
We are interested in backgrounds of the form 

ds"^ = a^{rc, y) g^y{x)dx'^dx'' + dy'^ , (54) 
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where g^^, is a maximally symmetric D = A metric such that 

Rpiv{g) = -A4 9 flu = 3 A4 g^,y , (55) 

so that A4 = —3 A4 can be interpreted as the D = 4 cosmological constant in units of the 
D = A Planck mass M4, and the constant Vc > can be interpreted, if we identify y with 
y + 27T, as the compactification radius in units of M5. Notice that the parameterization 
of eq. ()54|) is redundant, since we can rescale a'^{rc,y) by an arbitrary constant factor and 
g^v{x) by its inverse: to fix this ambiguity we may require, for example, that a^(rc, 0) = 1, 
so that the D = A metric g^ivix) is identified with the D = 5 metric on the brane at y = 0. 
However, we can also leave the normalization factor in a{rc,y) undetermined, since it can 
always be reabsorbed in the definition of the D = 4 metric and of the D = A Planck mass: 
it will be fixed only when we want to give a definite D = 5 geometrical interpretation to 
the D = 4 metric. As appropriate for the detuned case [21], we make the ansatz: 



a{r,,y)=ae-^''-\y\+(3e+^''-\y\, (56) 

where a and (5 are real dimensionless constants, and we understand periodicity for the 
function \y\. The normalization condition a^(rc, 0) = 1 translates into 

a + p = ±l. (57) 

Depending on the problem under consideration, it may be convenient to make use of 
eq. (jFFj) or to leave the overall normalization factor in a and /3 undetermined. The bulk 
equations of motion require that 

\l = 4:\^ap. (58) 

The equations of motion at the fixed points (in the 'upstairs' picture) require 

Ao a — P 



A a + ' 

and 



(59) 



A. ^ ae->^^c7v_p^+Xr,7r 

The last two conditions can be fulfilled for 

/5(A + Ao) = «(A - Ao) , (61) 

and 
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Therefore, we can solve D = 5 Einstein's equations everywhere, including the fixed points, 
with constant radius > 0: in the fully detuned case, —A < < Xq < X, we have an 
AdS^ background (A4 > 0), and the radius Vc is uniquely determined by eq. in the 
fully tuned case, Aq = A^^ = ±A, we have a Minkowski^ (A4 = 0) background, and Vc is 
undetermined. Partially tuned choices of Aq and A^r compatible with supersymmetry lead 
either to = (Aq = A^r 7^ ±A) or to Vc = +00 (Aq = A and/or A^ = —A). Notice that in 
the tuned case the background a(rc, y) is a single exponential, whereas in the fully detuned 
case it is always a double exponential. If we also assume the normalization condition in 
eq. we can go further and find explicitly: 

A + Aq „ A — Aq 



a 



xi = y 



X2 



" 2A ' ' 2A ' 

With the line element of eq. (j54p . the D = 5 bosonic Lagrangian of eq. (j53p reads 



(63) 



Cn = --$e4i?4 + 6 64 
2 



+ A^ Tc — Ao 5{y) + A^ a'^ 5{y — vr) 



(64) 



where 64 = | det R4 is the 4D curvature scalar for the metric g^^, and we have 

safely neglected total derivatives. Notice that the D = 4 Einstein term is not canonically 
normalized, but has a D = 5 dilaton prefactor 



*(rc, y) = rco^irc, y) 



(65) 



The rest of eq. (j64p contains y-dependent contributions to the scalar potential. After we 
integrate over ?/, the Einstein term remains non-canonical, with a. D = A dilaton prefactor 



dy^{rc,y) 



a' 



(1 



-2Xnr. 



- 1) +4a/5A7rr, 



(66) 



which can be eliminated by a rescaling of the D = A metric g^i, or absorbed in the definition 
of the D = 4 Tc-dependent Planck mass, Ml{rc) = $4(rc). Recalling that we deal we a 
non-canonical D = 4 Einstein term, we can now compute the D = A potential for the 
background field Vc, by integrating over y the part of eq. (jMj) within square brackets. It 
is convenient to normalize the potential in units of M4(rc). If we do so, we obtain: 



where 
h2irc) 



Mi(rJ 



6 $4 64 l22{rc) + h{rc) - AqO (rc, 0) + X^a (r^, vr) 



{a'Y a2 



dy 



X r 



a 



(1 - e-"^"^'^) + (3' [t 



(67) 



(6^ 
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and 



/TT 
dy 
-TT 



A 
2 



) + 8q;^/3(1 - e-'^'^''^) 



+ 8Q;/3'^(e' 



'3/'„2A7rrc 



1) + (5\e 



4/„4A7rrc 



l) + 2Aa^(3^X7rrc . (69) 



The minimization of t4(rc) is tedious, but of course reproduces all the results for Tc and 
A4 obtained from the D — 5 equations of motion, as functions of the input parameters 
(A, Ao, Att). 
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